The research is laboratory experimental purposing to analyze effects of Portland Composite Cement (PCC) and Buton Granular Asphalt (BGA) on Indirect Tensile Strength (ITS) of Emulsified Asphalt Cold Mix (EACM) using limestone aggregate. The EACM is designed as Asphalt Concrete-Wearing Course (AC-WC). The material of EACM contains emulsified asphalt CSS-1h, BGA 50/30, PCC, and Limestone Aggregate. The specimen consisted of Bitumen 8% of total weight, BGA 8% of total weight, and PCC 0%, 1.5%, and 2% of total weight. The specimen is classified into 5 groups, namely P0B0, P0B8, P1.5B8, P2B0, and P2B8. PCC is used as partial substitutions of limestones filler. BGA is used as partial substitutions of bitumen emulsion and partially substitutions of filler or and fine aggregate. The specimens of EACM having 101 mm in diameter and 63.5 mm in height ware tested by UTM apparatus with Horizontal Linear Variable Displacement Transducer (LVDT) 10 mm and vertical LVDT 25 mm according to ASTM D 6931 -12. The result of this study concludes that the use of PCC and BGA increased ITS of EACM. Both P1.5B8 and P2B8 Specimens met maximal performance, where Indirect Tensile Strength of them 2.8 times ITS of P0B0.
Introduction
Nowadays, the utilization of Cold Asphalt technology has dramatically grown in worldwide. The cold mixed asphalt has environmental and economic advantages compared to hot asphalt mixtures. However, the emulsion asphalt mixture has inadequate performance, and it is susceptible to early service damage due to precipitation [1] . To improve the mechanical properties of the cold mixed asphalt, it has been done with the addition of cement. EACM using cement increased Marshall Stability and Stiffness Modulus. Modulus stiffness of EACM was lower than that of Hot Mix Asphalt [2] . In the long term, characteristic of EACM would be better caused by increasing of dynamical modulus [3, 4] . In dry conditions and wet conditions, the used cement in EACM increased Indirect Tensile Strength. Cement used less than 0.5%, Performance of EACM is not good on water damage and early aging. The use of cement being more than 1.5%, the performance of EACM on rutting resistance does not change. The optimum cement content is 1.5 [4, 5] .
Some studies of the use of BGA in hot mixed asphalt show that the use of BGA can increase the modulus of elasticity, increase unconfined compressive strength, good rutting resistance (increased dynamic stability), reduce bleeding problems, and give sufficient flexibility. While the weakness of the use of BGA is the release of higher granules but still in the requirements, and tend to be more fragile [6] [7] [8] . Meanwhile, the study showed that the Stability of AECM using BGA and Limestone Aggregate is lower than the Stability of EACM using BGA and Standard Aggregate [9] . In Indonesia, the potential of local materials for road construction needs has not been optimally utilized, including natural asphalt and limestone aggregate. The natural asphalt located in Buton Island-Southeast Sulawesi Province has a potential of 677 million tons [10] . It is estimated to be equivalent to 150 million tonnes of Petroleum Asphalt. Meanwhile, the potential of limestone is about 639.36 billion tonnes spread throughout Indonesia [11] .
To optimize the utilization of local material: BGA, limestone, and cement containing fly ash waste/ PCC, it is necessary to use the local material for road construction. This study purposes of analyzing the effects of PCC and BGA on Indirect Tensile Strength of EACM cold mixed asphalt using limestone aggregates. 
Materials and methods

Buton Granular Asphalt (BGA)
BGA-50/30 used acts as a partial substitution of emulsified asphalt residues. In addition, the minerals contained in BGA are also used to replace limestone fillers or fine aggregates. Residual bitumen and mineral of BGA was tested according to SNI 03 -3640, which obtained Residual bitumen content of 32,10%, and Mineral content of 66.36%. Meanwhile, the water content of BGA was tested according to SNI 06-2490-1991, which obtained water content of 1.54%. Grain and Mineral Size of BGA were tested according to SNI 03 -4142. The testing result of grain and mineral size are shown in table 1. 
Results and discussion
Relationship between Load and Vertical Displacement during the loading process can be divided into 3 segments, namely segments forming positive linear lines (OA, OB, OC, OD, and OE), parabolic curve segments (AA ', BB', CC ', DD ', and EE'), and segments forming negative linear lines (A'A ", B'B", C'C ", D'D", and E'E "). The relationship between the Load and the Vertical Displacement of the EACM specimen is shown in figure 3 . The crack pattern of the results of ITS Testing forms a vertical line parallel in the direction of loading. The crack pattern of the AAECM specimen after ITS testing is shown in figure 5 .
Figure 5. The crack pattern of the ITS Specimen
The synergy of using PCC and BGA is very effective in increasing ITS of EACM specimens. This shows that the water contained in Emulsified Asphalt and PCC can form a hydration process that goes well in EACM using Limestone Aggregates. Besides, BGA substituting bitumen of emulsified asphalt also effectively increases the ITS of EACM specimens in dry conditions. The use of PCC as a substitute for limestone filler as much as 2% of the total weight (P2B0 specimen) resulted in ITS of 75.79 KPa or an increase of 134% compared to the P0B0 Control specimen. The use of 8% of BGA substituting residual bitumen of emulsified asphalt and limestone fillers (P0B8 specimen) resulted from ITS of 44.28 KPa or increased by 37% compared to the Control specimen (P0B0). The use of 1.5% PCC and 8% BGA (P1.5B8) resulted in ITS of 89.42 KPa or an increase ITS of 176%. Furthermore, the ITS of EACM specimens used 2% PCC, and 8% BGA (P2B8) was relatively similar to the ITS of P1.5B8 specimens, ie 89.91 KPa or increased ITS by 177% compared to the control specimens. Accordingly, the ITS Index of P2B8, P15B8, P2B0, P0B8, and P0B0 are 2.8; 2.8; 2,3; 1.8; and 1 respectively. The analysis of ITS on each variation of EACM specimens and the ITS Index on the Maximum load is shown in Table 8 . 
Conclusions
The result of this study concludes that the use of PCC and BGA increased ITS of EACM. Both P1.5B8 and P2B8 specimens met maximal performance, where Indirect Tensile Strength of them 2.8 times ITS of P0B0.
